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1950-1980
Advisor: Dr. Fred 0. Boadu
Thesis dated May, 1987
Following a casual impression that conditions in the U. S. water¬
melon market between 1950 and 1980 were probably significantly different
from conditions in the same market between 1919 and 1951, an adaptation
of Suits' econometric model of the same market is used to analyze the
data relevant to the market between 1950 and 1980.
The main objectives of the study are to provide fairly up-to-
date elasticity estimates of some of the key variables associated with
the watermelon market, test three hypotheses and to analyze some of
the dynamic properties of the market between 1950 and 1980.
It is found that most of the elasticity and other estimates
obtained from this study are significantly lower than those obtained by
Suits for the 1919-1951 period. These results clearly indicate that
conditions in the market during the two broad periods (1919-1951 and
1950-1980) were fairly different.
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Considerable quantities of watennelons have been produced and
marketed in the United States for many years now, as may be seen from
the available published statistics on quantity of watermelons produced,
and on the quantity marketed! (for the periods 1918-1980 and 1930-1980
respectively). However, to the best knowledge of the author, there is
no up-to-date analysis of the data relating to the market situation of
the crop. A careful survey of the relevant literature has shown that
only three researchers (Daniel B. Suits, H. 0. A. Wold and Wilford L.
L'Esperance) have made some effort to analyze the watermelon market,
but none of them used data for a period beyond 1951. This is under¬
standable considering that Suits wrote his paper2 in 1954 and that Wold^
and L'Esperance^ who wrote their papers in 1958 and 1964 respectively
ISee U. S. Department of Agriculture, Agricultural Statist!cs
(Washington: Government Printing Office, various years).
2Daniel B. Suits, "An Econometric Model of the Watermelon Market,"
Journal of Farm Economics vol. 37, no. 2 (May 1955):237-251.
2h. 0. A. Wold, "A Case Study of Interdependent Versus Casual
Chain Systems," Review of the International Statistical Institute
no. 26 (1959):5^^25: ~
^Wilford L. L'Esperance, "A Case Study in Prediction: The Market
for Watermelons," Econometrica vol. 32 (1964):163-173.
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decided to use basically the same or part of the same set of data that
Suits had used in order to facilitate comparison of results of estimates.
Wold's main interest in this regard was to compare parameter and other
estimates obtained from his casual chain model of the U. S. watermelon
market with the estimates which Suits obtained from his interdependent
system of the same market, while the main interest of L'Esperance was
to compare the forecasting powers of the two competing models of the
watermelon market (Suits' interdependent system and Wold's casual
chain model).
If conditions in the watermelon market had remained approximately
the same during the two broad periods, 1919-1951 (the period used by
Suits) and 1950-1980 (the period to be covered in the present study),
then the issue of the nonexistence of an up-to-date analysis of the data
relating to the market would not have seriously arisen since elasticity
and other estimates obtained from the earlier period would have been
about the same as comparable estimates that one would obtain from the
latter period. But a casual comparison of the movements in the data
relevant to the market during the two periods would seem to suggest
that conditions in the market during the two periods were fairly
different. For example, a comparison of the relationship between the
current production of watermelons and the previous season's average
price of the crop at farm level during the two periods (as shown in
Figures 1-4) indicates that conditions in the market during the two
periods were fairly different. Going by economic theory, one would
-3-
normally expect a positive relationship between current production of
watermelons and the previous season's average price of the crop. While
this was generally the case during the first period (1919-1951), it was
far from being the case during the second period (1950-1980). For a
great part of the second period, production of watermelons did not seem
to respond effectively to changes in the previous season's average
price of the crop. This was particularly the case between 1967 and
1980 when production generally declined from 27.9 million hundred¬
weights (cwt.) to 22.7 million cwt., while the previous season's average
price rose appreciably from $1.87 to $4.55 per cwt. (please see the
graphs). The decline in production during the latter part of the
second period was due mainly to sizable and increasing reductions in
the acreage allotted to the cultivation of watermelons. As may be seen
from the published data on watermelons,^ while the "area for harvest"
(of watermelons) during the sub-period, 1950-1961 ranged between 307,580
acres (in 1961) and 443,950 acres (in 1954), yielding an annual average
of 378,184 acres during this sub-period, it declined progressively from
298,280 acres in 1962 to 184,500 acres in 1980, averaging 250,947 acres
annually during this latter part of the period (1950-1980). Although
the yield per acre generally increased during the latter sub-period,
the increase was not high enough to offset the negative effect of the
5see the table with the heading "Watermelons, Commercial Crop,
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decline in acreage on the production of the crop. A plausible explana¬
tion for the observed decline in the acreage devoted to the cultivation
of watermelons is that growers of the crop must have deliberately
reduced the acreage so as to avoid overproduction which might depress
the price of the crop.
It is against this background that one considers it very likely
that most of the elasticity and other estimates which may be obtained
from-the data for the period, 1950-1980 may be significantly lower
than those obtained from the data for the period, 1919-1951. For
example, it would appear reasonable to guess that the price elasticity
of crop supply obtainable from the data for the period, 1950-1980 will
be much smaller than the 0.587 which Suits obtained from the data for
the earlier period. There is, therefore, a justifiable need for the
present study to provide elasticity and other estimates which will
reflect the situation in the watermelon market between 1950 and 1980.
A further justification for this study stems from a remark (based
on statistics compiled from the U. S. 0. A. figures) by Clarice Sackett
that "per capita consumption [of watermelons] has decreased since
1930."® The data provided by the author to substantiate this remark
covers the period 1930-1973. More recent data on the same variable
give the impression that the declining trend continued between 1973 and
®Clarice Sackett, Fruit and Vegetable Facts and Pointers, 4th
edition (Washington: United Fresh Fruit and Vegetable Association, May
1975), p. 6.
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1980 but one cannot say at this stage whether the observed trend is
statistically significant or not. It may, therefore, be worth
comparing the coefficient of the per capita demand for the crop for
the period 1950-1980 with the coefficient obtained by Suits for the
same variable for the earlier period.
Objectives
The objectives of this thesis are to:
1) Provide fairly up-to-date elasticity estimates of some of the
key variables associated with the supply of and the demand for
watermelons in the U. S.;
2) Test the following three hypotheses:
A) That the price elasticity of crop supply for watermelons
for the period 1950-1980 is significantly less than that
for the period 1919-1951 (0.587);7
B) That the income elasticity of demand for watermelons for
the 1950-1980 period is significantly less than the 1.378
obtained for the earlier period; and
C) Whether per capita demand for watermelons declined signi¬
ficantly during the 1950-1980 period as compared to the
position in the earlier period; and
3) Analyze some of the recent dynamic properties of the market,
including an investigation of its stability, the path of
adjustment toward equilibrium, and the speed with which such
adjustment would occur, other things being equal.
^Suits' results will be used as a basis for comparing results to
be obtained in this study. Wold's results may not be strictly comparable
with results obtained here.
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Organization
The rest of this study consists of five chapters (II thru VI).
Chapter II presents the literature survey. Chapter III considers the
model, the expected signs of coefficients, identificaton status of
the model, the data used in measuring the variables and the estimation
procedure. Regression reults and tests of hypotheses are presented in
Chapter IV. The dynamic properties of the market are analyzed in




In this chapter, we summarize the approaches and the results of
the three previous studies of the U. S. watermelon market. We start
with Suits' "Econometric Model of the Watermelon Market."! This was
the first systematic econometric analysis of the U. S. watermelon
market. His model, specified as an interdependent system, consists of
the following three relationships:
Crop supply schedule:
1) Q = aP_]^ + bC_]^ + cJ + dT_]^ + eK + f
where Q is the commercial crop of watermelons available for harvest; P.j^,
C_i and T_i are respectively, the prices of watermelons, cotton and
commercial truck, lagged one year; J and K are dummy variables repre¬
senting government cotton policy and World War II, respectively. J is
1 for 1934-1951 and K is 1 for 1943-1946; otherwise J and K are zero.
Harvest supply schedule:
2a) X = a' P/W + blQ + c' or,
2b) X = Q, whichever is smaller.




X is the number of watermelons harvested and W is the southern farm wage
rate.
Demand schedule:
3) P = a" Y/N + b" X/N + c" F + d'
where N is population, Y is disposable income and F is freight cost.
All the variables in the model, with the exception of the dummy
variables, were measured in logarithmic form to the base 10. The symbols
refer to logarithms. Thus, the parameters of the actual variables are
direct elasticity estimates, while those of the dummy variables are
readily translated into percentage shifts in the schedule.
All the equations are overidentified. He estimated equation 1 by
the method of least squares, using data for the period 1919-1951, while
equations (2) and (3) were estimated simultaneously by the method of
limited information, using data for the period 1930-1951. The results
of his fitted equations are summarized below (figures in parentheses
are standard errors).
Crop supply:
1) q = 0.587 P.i - 0.320 C.i + 0.034 J - 0.141 T.i - 0.156 K
(0.156) (0.095) (0.027) (0.238) (0.045)
+ 0.769
Harvest supply:
2a) X = 0.237 P/W + 1.205Q - 0.118 or,
(0.110) (0.114)
2b) X = Q, whichever is smaller.
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Demand:
3) P = 1.530 Y/N - 1.110 X/N - 0.682 F - 0.140
(0.088) (0.246) (0.183)
He noted that the parameters of equation (3) are not readily interpreted
as written and he, therefore, divided all the terms in the equation by
the coefficient of X/N and rearranged the terms (in the equation) to
obtain the more familiar form:
3*) X/N = 1.378 Y/N - 0.901 P - 0.614 F - 0.126
He investigated the dynamic properties of his model and found
that, if other things remain equal, price P in the limit tends to the
equilibrium value Pg, and that the price oscillations follow a cobweb
pattern with alternating positive and negative deviations form equili¬
brium.
Wold has strongly argued that a casual chain model would be more
appropriate than an interdependent system for the U. S. watermelon
market. In his study,2 he developed a casual chain model for the
market. His model also has three relations like Suits' model, but
while Suits' model deals with current price of watermelons as an equili¬
brating variable for demand and supply, the casual chain system has an
explicit relationship to explain price.
2wold, "A Case Study of Interdependent Versus Casual Chain
Systems," pp. 5-25.
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Sotne of the author's main arguments against interdependent systems
and in favor of casual chain systems are:
"(i) that the interdependent systems aim at explanation in the
sense of predictability, the casual chain systems at
explanation in the strictly casual sense of stimulus-
response relationships,
(ii) that in the philosophical literature there is a confusion
between the notions of predictability and casuality, and
(iii) that the two notions are distinct, casual explanation
representing a higher level of aspiration."3
In estimating his model. Wold used approximately the same set of
data which Suits had used in estimating his interdependent system.
Since his first equation is exactly the same thing as Suits' first
equation, he simply used the same parameter estimates which Suits had
obtained for the equation. In effect then, he only estimated his
second and third equations, using data for the period 1931-1951. The
casual chain system of the U. S. watermelon market, with the estimated
parameters, is as follows:
Crop supply:
4) Q = 0.578 P.i - 0.320 C.i - 0.141 T.i + 0.034 J - 0.156 K
+ 0.769
As noted in the preceding paragraph, this equation and Suits' first




5) X*/N = -0.206 P/L + 0.430 Y/NL - 1.088
Price mechanism:
6) P/L = 0.261 [(X*/N).i - Q/N] + 1.215 Y/NL - 1.280
where X* is consumer demand, estimated as watermelon harvest, X when
X < Q; otherwise it is unknown. L is the consumer price index and
N is population.
L'Esperance's paper^ is another important study in this area.
The author's main interest was to do a comparative study of the fore¬
casting powers of the two competing models of the U. S. watermelon
market (Suits' interdependent system and Wold's casual chain model)
as "an acid test of their usefulness."
As a preliminary argument in favor of interdependent systems, the
author notes that while a strong theoretical case can be made for a
casual chain model because of the recognition of distinct time intervals
between acts of decision-making, in the real world we are faced with
estimation problems involving aggregation and elimination of variables
so that interdependency becomes justifiable.
The procedure he followed in comparing the forecasting powers of
the two models was to estimate the parameters of the interdependent
^L'Esperance, "A Case Study in Prediction.
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system and those of casual chain model for four periods: 1931-1937,
1931-1940, 1931-1947 and 1931-1951, except that for the crop supply
equation, observations begain with 1919. He made forecasts of the
endogenous variables for five years beyond each period. As a basis of
comparison, he calculated the standard errors of prediction and
observed both the number of years for which each model had smaller
residuals and the change of direction.
He found that forecasts of the interdependent system were generally
better than those of the casual chain model and he explained that the
a priori restictions imposed on the interdependent model were instru¬
mental in achieving greater predictive accuracy by the model.
CHAPTER III
THE MODEL
The model developed here is an adaptation of Suits' model of the
U. S, watermelon market. It is an aggregrative model both in the scope
of coverage (it includes total U. S. watermelon production, average
prices, etc.) and because it is almost entirely limited to annual data.
There are a few differences between the model used in the present study
and Suits' model and some of the differences are discussed below. The
two dummy variables, J and K, which Suits included in equation (1) to
account for the effects of government cotton acreage allottment policy
put into operation in 1934 and thereafter, and of World War II
respectively! are inapplicable in the present model since the govern¬
ment cotton policy was in operation throughout the period 1950-1980,
and since there was no major war which had adverse effects on the
production of watermelons during the period (1950-1980). This simply
has to be the case because to include J, for example, in the present
model would mean that the dummy variable would take on the value one
for each of the years during the period 1950-1980. This, in turn, would
mean that the dummy variable data column would be exactly equal to the
Ij had the values zero before 1934 and 1 for 1934 and thereafter,




column of constant included to account for the intercept in equation (7)
below, the result of which would be a case of perfect multicollinarity
in which the normal equations of least squares cannot be solved for the
estimators,2 say,B. Rainfall (R), which Suits did not explicitly
account for in his model, is included as one of the explanatory variables
in equation (7). Because Suits had data for a relatively short period,
1930-1951 (and could not use the data for 1941-1945 and 1948 because
X = Q in those years) to fit the market supply schedule, he considered
it advisable to save a degree of freedom by including W (the southern
farm wage rate) along with P (the current farm price of watermelons) in
the form of a ratio, P/W, in his second equation. Since we are using
data for a longer period (1950-1980) in the present study and, therefore,
do not face a degree of freedom problem, the two variables, P and W,
are entered as separate explanatory variables in equation (8) below.
The model consists of three relationships: 1) a crop supply
schedule; 2) a harvest supply schedule; and 3) a demand schedule.
Crop Supply Schedule
The crop supply schedule relates the total crop available for
commercial harvest to lagged price and cost factors and also to a weather
2For details of situations that give rise to perfect multicollin¬
earity see, for example, Michael D. Intril igator. Econometric Models.
Techniques, and Applications (Englewood Cliffs, New Jersey; Prentice-
Hall, Inc., 1978), p. 151.
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factor. In view of the fact that the crop is perishable, decisions to
plant must be made in the absence of knowledge about current prices.
Hence the crop supply schedule relates the current commercial crop
to the average fanm price of the crop for the previous season.
In the short run, an important cost consideration in the production
of watermelons is the lost opportunity to produce other crops. Since
cotton competes with watermelons for farm space, the average cotton
price per pound received by farmers in the previous season is included
as one of the cost factors in the relationship. The other cost factor
included in the equation is an index of the price of commercial truck
crops (vegetables), lagged one year, the rationale being that these
crops may also compete with watermelons for farm space. The weather
factor included in the equation is the average rainfall in inches for
the 16 watermelon producing states in the United States. Since water¬
melons are normally produced between March and August each year, the
average rainfall figure for any given year is measured as the sum of
the total rainfalls between March and August of that particular year in
the said 16 states, divided by 16.
A functional expression for the crop supply may be written as:
7) Q = f(P.i, C.i, T.i, R)
where Q is the commercial crop of watermelons available for harvest;
P_l, C_i and T_i are, respectively, the prices of watermelons, cotton
and commercial truck, lagged one year; and R is the average rainfall
in inches for the 16 watermelon producing states.
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Following the previous studies, it is assumed that the relationship
of the commercial crop of watermelons available for harvest to the
lagged prices of watermelons, cotton and commercial truck and to rainfall
and other determining factors is multiplicative so that when logarithms
of all the variables are taken, the relationships become linear, and
the basic function may be written:
8) Log Q = ag + a^ log P_i + a2 log C.^ + a3 log T.j + a4 log R
+ Ui
where U]^ is an error term.
Harvest Supply Schedule
This is a relationship between quantity marketed, current farm
price, harvesting cost and the crop for harvest. While the crop supply
discussed above refers to the quantity of watermelons available for
harvest, the harvest supply dealt with here is the quantity of melons
actually harvested and marketed. Unlike the decision of plant, which
must be made in the absence of knowledge of current prices, the decision
to harvest or to leave the crop unharvested may be made in light of
current price quotations weighed against the cost of harvesting. An
index of U. S. farm wage rates was taken as an approximation to some
measure of harvesting cost.
In no event can the harvest of watermelons exceed the crop. Again,
assuming log-linear relationships, the harvest supply equation may be
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written:
9a) Log X = bo + bj 1og P + b2 1 og W + b3 1 og Q + U2 , or
9b) Log X = log Q, v*iichever is smaller.
X is the quantity of watermelons harvested and W is the index of U. S.
composite farm wage rates.
Demand Schedule
The final equation in the model is the demand function. In order
to make the demand equation fit readily with the two supply functions,
we measure demand at the fanm level. The demand schedule then relates
the current farm price of watermelons to current per capita disposable
income and per capita market supply. Since individual consumers of
watermelons normally make their purchases of the product in supermarkets
and in other retail outlets (and not in the farms), the demand function
also includes the cost of shipping watermelons from farm to market as
one of the explanatory variables. In the absence of any better measure,
this cost factor is approximated by the current average cost of farm-to-
market rail shipment of watermelons.
Still assuming log-linear relationships, the demand equation takes
the form:
10) Log P = Cq + log Y/N + C2 log X/N + C3 log F + U3
where N is population, Y is disposable income and F is freight cost.
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Following Suits' approach, the demand equation (10) will be trans¬
formed into a more familiar form after obtaining parameter estimates for
the model. This is intended to facilitate the interpretation of the
parameters of the equation and the transformation will be accomplished
by dividing all the estimated parameters in the equation by the coeffi¬
cient of log X/N (C2) and by rearranging the terms in the equation to
obtain the more familiar form:
10*) Log X/N = C0/C2 + C1/C2 log Y/N + I/C2 1 og P + C3/C2 log F.
In this form, the demand equation relates consumer demand at the farm
level to current per capita disposable income, current farm price of
watermelons and to freight cost.
The Expected Signs of Coefficients
Th expected signs of coefficients of the variables in the model
are briefly discussed below. The coefficient a^, related to the variable
P_1 in equation (8), is expected to have a positive sign since P_]^ and
Q are positively related in the sense that an increase in the average
price of watermelons in any given year, other things being equal, will
encourage farmers to produce more watermelons in the following year.
On the other hand, the lagged prices of cotton and commercial truck
are inversely related to the production of watermelons and hence the
coefficients a2 and a3 are expected to have -negative signs. Rainfall
is expected to have a positive effect on the production of the crop
and, hence, a4 is expected to appear with a positive sign.
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As for the parameters of the harvest supply equation (9a), and
b3 are expected to have positive signs, while b2 is expected to be
negative.
In the case of the demand equation (10), which may be rewritten in
a more familiar form as in equation (10*), the parameter cj related to
the per capita disposable income, Y/N is expected to appear with a
positive sign since income and quantity demanded are positively related,
except in the case of inferior goods. The parameter of the current
price of watermelons is expected to have a negative sign, given the "law
of demand" which postulates an inverse relationship between quantity
demanded and price. Since freight cost is likely to be passed on to
the consumers of watermelons in the form of a higher price, C3 is
expected to be negative, other things being equal.
Identification Status of the Model
The identification status of the model is discussed below using
the order condition for identification which, though is only a necessary
rather than a sufficient condition for identification, gives the correct
result in most cases. The order condition can be expressed in more than
one form which, in the final analysis, will amount to equivalent stat-
ments. The form of the expression for the condition used here states
that "if an equation is to be identified, the number of predetermined
variables excluded from the equation must be greater than or equal to
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the number of inclgded endogenous variables minus l."3 It may be worth
adding that the list of included endogenous variables should contain
all endogenous variables on both sides of the equation.
If we let Kqq represent the number of predetermined variables
excluded from the equation and G* be equal to the number of included
endogenous variables, then the order condition for identification
specifies that an equation will be identified when:
11) Kqo 1 G* - 1.
When Kqo = G* - 1, the equation is exactly (or just) identified and
when Kqo > G* - 1, the equation is overidentified. If Kqo < G* - 1,
the equation is underidentified (or unidentified).
Since the identification problem only arises in the estimation of
the parameters of simultaneous equations,^ and since only equations (9a)
and (10) are the interdependent equations in the model that must be
solved simultaneously, one can only meaningfully discuss identification
here with respect to these two equations. Although equation (9a) is a
function of equation (8) in the sense that Q, which is the dependent
variable in equation (8), is an explanatory variable in equation (9a),
^Robert S. Pindyck and Daniel L. Rubinfeld, Econometric Models and
Economic Forecasts, 2nd edition (New York: McGraw-Hill Book Company,
1981), pp. 326-327.
^This point is clearly explained in The Dictionary of Modern
Economics, edited by David W. Pearce, revised paperback edition (London
and Basingstoke: The Macmillan Press, Ltd.; Cambridge, Massachusetts:
The MIT Press, 1983), p. 194.
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equation (8) does not depend on equation (9a). Thus, the line of
causation between the two equations runs only in one rather than in
both directions and, hence, the relationship between the two equations
is recursive and not simultaneous.5
Now bearing in mind that the variable Q (representing the quantity
of watermelons available for commercial harvest) is taken as a predeter¬
mined variable with respect to the harvest supply equation (9a), we find
that this equation (9a) includes two endogenous variables (X and P)and
excludes three exogenous variables (Y, N and F). In tenns of the weak
inequality relationship developed in (11) above, we observe that for
equation (9a), Kqq = 3 and 6* = 2 so that
Kqo ^
that is, 3 > 2 - 1 and hence equation (9a) is overidentified.
Equation (10) is also overidentified because it includes two
endogenous variables (P and X) and excludes two predetermined variables
(W and Q) so that for the equation, Kqq = 2 and 6* = 2, yielding
1^00 ^ G* ~
that is, 2 > 2 - 1.
Spor a distinction between recursive and simultaneous equation
systems see, among others: Intriligator, pp. 358-361; Pindyck and
Rubinfed, pp. 320-323; and Dominick Salvatore, Statistics and Econo¬




The data used in measuring the variables in the model cover the
period 1950-1980 and they were obtained or derived from five main
sources:
1) Agricultural Statistics (various years)
2) Historical Climatology Series 4-2
3) Handbook of Labor Statistics (various years)
4) Economic Report of the President (February 1985)and
5) Freight Commodity Statistics of the Interstate Commerce
Commission (various years).^-0
Those obtained or derived from Agricultural Statistics include:
1) Quantity of watermelons available for harvest annually
measured in thousands of hundredweights (cwt.)» (This
is represented by the variable Q);
• 2) Quantity of watermelons harvested and marketed annually (X);
®U. S. Department of Agriculture, Agricultural Statistics
(Washington: Government Printing Office, various years).
^U. S. Department of Commerce, Historical Climatology Series 4-2
(Asheville, North Carolina: National Climatic Center, May 1986).
^U. S. Department of Labor, Handibook of Labor Statistics
(Washington: Government Printing Office, various years).
^Economic Report of the President (Washington: Government Printing
Office, February 1985), Tables B-23 and B-28.
lOinterstate Commerce Commission, Freight Commodity Statistics of
Class 1 Railroads in the United States (Washington: Government Printing
Office, various years).
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3) Average annual farm price of watermelons in dollars per cwt.
(P);
4) Average annual net farm receipts per pound of cotton (C); and
5) Index of farm price of commercial truclc--vegetables—(T) was
derived from data on selected individual truck crops;
March through August average rainfall figures (R) for the 16
watermelon producing states in the U. S. were derived from Historical
Climatolog Series 4-2, while the U. S. composite farm-wage rates (W)
were obtained from the Handbook of Labor Statistics. Data on disposable
income (Y) and population (N) were obtained from the Economic Report of
the President. The index of average shipping cost per ton for watermelons
shipped by class one railroads (F) was calculated from data on tonnage
of watermelon freight originating and freight revenue received for water¬
melon shipment given in the Freight Commodity Statistics of the Inter¬
state Commerce Commission for various years.
It is important to note here that the U. S. Departmentof Agriculture
has discontinued estimating and publishing national data on acreage,
yield, production, price and value for watermelons with effect from the
crop year 1981.11 Thus, 1980 was the last year for which national data
on watermelons were published and this explains why 1980 instead of a
more recent year, such as 1985, was chosen as a cut-off date for the
present study.
llAgricultural Statistics, p. 147, footnote 7.
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Due to the lack of data on monthly composite wage rates of hired
farm workers in South Atlantic States for most of the years covered by
this study, the index of farm-wage rates (W) could not be derived from
farm wages in the South Atlantic States as Suits did. Under the circum¬
stance, the index had to be derived from the U. S. national composite
wage rates as a proxy.
The Estimation Procedure
Since the crop supply equation (8) does not depend on any of the
two other equations in the model, one can obtain unbiased parameter
estimates of this equation by using either the method of ordinary
least squares (OLS) or the method of two-stage least squares (2 SLS).
The parameters of the two other equations—harvest supply equation (9a)
and the demand equation (10)—in the model cannot, however, be estimated
by the method of OLS sirrce the two equations are interdependent and are
overidentified. If OLS is used to estimate the parameters of the two
equations, this would lead to simultaneous equation bias.12 in view of
these considerations all the parameters of the model have been estimated
by the method of 2 SLS which is known to produce unbiased structural
12simultaneous equation bias refers to the overestimation or under¬
estimation of structural parameters which results from the use of OLS in
estimating structural equations of a simultaneous-equations model. This
bias occurs as a result of correlation between the error term of an
equation and any explanatory endogenous variable(s) the equation may
include, thus, violating one of the five basic assumptions of OLS. When
any of the five basic assumptions is violated, the use of OLS will lead
to biased parameter estimates.
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parameter estimates for exactly identified or overidentified equations
of a simultaneous-equations system.
All the variables in the model were measured in logarithmic form
to the base 10. Thus, the coefficients of the variables are direct
elasticity estimates. A computer program, "Proc Two-Stage Least
Squares," obtained from "Y Stat" software was used in the process of
running the multiple regressions.
CHAPTER IV
REGRESSION RESULTS
The regression results are summarized in Tables 1 thru 3, while
Table 4 shows a transformation of the parameters of the demand equation.
Since the coefficient of determination, r2 is a measure of the
explanatory power of a regression or, put a bit differently, a measure
of how well a model, as estimated, fits the available data,l and
considering that the estimated values of r2 are 0.413, 0.925 and 0.926
for the crop supply, harvest supply and demand equations respectively,
it would appear reasonable to say that the model has, in general,
performed fairly well. Tests for serial correlation based on the
Durbin-Watson statistic (DW)2 indicate the absence of first order
serial correlation in the harvest supply equation and inconclusive
results for the two other equations (the crop supply and the demand
equations).
Three out of the four estimated coefficients of the crop supply
equation in Table 1 have the expected signs, the only exception being
^Intriligator. Econometric Models, Techniques and Applications,
pp. 125-126.
2lbid., pp. 161-164 gives a clear discussion and well illustrated




TWO SLS ESTIMATE OF CROP SUPPLY EQUATION
Explanatory Variable Coefficient Standard Error r2 DW
Constant Term 6.955 0.336 0.413 1.451
log P_i 0.041 0.147
log C_i -0.006 0.070
log T_i -0.259 0.218
log R -0.042 0.123
Note: Dependent variable is log Q.
SOURCE: Constructed from computer printout.
TABLE 2
TWO SLS ESTIMATE OF HARVEST SUPPLY EQUATION
Explanatory Variable Coefficient Standard Error r2 DW
Constant Tenn 0.571 0.817 0.925 2.002
log Q 0.897 0.136
log P -0.059 0.096
log W 0.056 0.067
Note: Dependent variable is log X.
SOURCE: Constructed from computer printout.
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TABLE 3
TWO SLS ESTIMATE OF DEMAND EQUATION
Explanatory Variable Coefficient Standard Error r2 DW
Constant Term -0.155 0.839 0.926 1.343
log Y/N 0.438 0.131
log X/N -1.166 0.378
log F 0.161 0.094
Note: Dependent variable is log P.
SOURCE: Constructed from computer printout.
TABLE 4




1 og P -0.858
1 og F 0.138
Note: Dependent variable is log X/N.
SOURCE: Constructed from Table 3 above
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the coefficient of rainfall (R) which turned up negative contrary to
expectations. However, all the four coefficients are highly insignifi¬
cant at the five percent level and this in essence means that none of
the explanatory variables exerted any statistically significant linear
influence on the dependent variable (quantity of watermelons available
for commercial harvest) during the period covered by this study.
Perhaps, a better way of putting this last statement is that the
insignificant results show that the quantity of watermelons available
for commercial harvest did not respond effectively to changes in any
of the explanatory variables during the period. While the statistical
problem of multicollinearity must have contributed to the insignificant
parameter estimates for the equation, there is no doubt that the sizable
and ever-increasing reductions in the acreage allotted to the cultivation
of watermelons during the period, which was indicated in the introductory
chapter, must have contributed to the lack of effective response of the
dependent variable to changes in the explanatory variables and hence,
by implication, must have contributed to the insignificant parameter
estimates for the equation. The estimated price elasticity of crop
supply, which is 0.041, shows that a 100 percent increase in the
previous season's average price of watermelons gives rise to only a
four percent increase in the quantity of watermelons available for
commercial harvest. This is a highly inelastic situation for the crop
supply. The cross elasticity of crop supply with respect to the price
of cotton is -0.006, showing that the quantity of watermelons available
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for commercial harvest will decline by only 0.6 percent in response to
a 100 percent increase in the previous season's average price of cotton.
Similarly, the cross elasticity of crop supply with respect to the price
of commercial truck estimated at -0.259 implies that a rise of 10
percent in the previous season's average price of commercial truck crops
would lead to a fall of three percent in the quantity of watermelons
available for harvest. As may be recalled from the chapter on
literature survey, the coefficients obtained by Suits for log P_j,
log C_i and log T_i are 0.587, -0.320 and -0.141 respectively.
Turning to the estimates of the harvest supply equation in Table 2,
the cofficient of log Q (watermelons available for harvest) has the
expected sign and is highly significant at both the five percent and
the one percent levels. In contrast, the coefficients of the two
other variables in the equation (current farm price of watermelons and
index of farm-wage rates) have wrong signs and are insignificant at the
five percent level. The estimated coefficient of 0.897 for log Q shows
that a ten percent increase in the quantity of watermelons available
for harvest leads to an increase of about nine percent in the quantity
of watermelons actually harvested and marketed. Suits estimate for
the coefficient of log Q is 1.205.
As indicated on page 20, we need to transform the estimated
parameters of the demand equation (10) into a more familiar form to
facilitate interpretation of the results. The transformed equation is:
10*) log X/N = -0.134 + 0.376 log Y/N - 0.858 log P + 0.138 log F
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from which we find that both the income elasticity of demand and the
price elasticity of demand have the expected signs and are significant
at both the five percent and the one percent levels. On the other hand,
the coefficient of freight cost has a wrong sign and is insignificant at
the five percent level. The 0.376 obtained for the income elasticity of
demand indicates that the demand for watermelons will increase by about
four percent in response to an increase of ten percent in the disposable
income of consumers, while the estimated -0.858 for the price elasticity
of demand shows that when the price of watermelons rises by ten percent,
the demand for the crop will fall by about nine percent--a slightly
inelastic demand situation. Suits obtained 1.378 and -0.901 for the
income and the price elasticities respectively.
Tests of Hypotheses
As outlined in the second main objective of this study, the
following three hypotheses are to be tested:
1) That the price elasticity of crop supply for watermelons for
the period 1950-1980 is significantly less than that for the
period 1919-1951 (0.587);
2) That the income elasticity of demand for watermelons for the
1950-1980 period is significantly less than the 1.378 obtained
for the earlier period; and
3) Whether per capita demand for watermelons declined signifi¬
cantly during the 1950-1980 period as compared to the position
in the earlier period.
Since our interest in the first test is to detennine if the price
elasticity of crop supply for watermelons (a^) for the 1950-1980 period
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is significantly less than 0.587, this will be a left-tailed test. The
null hypothesis, Hg, and the alternative hypothesis, H^, may be
expressed as:
Hq: ai = 0.587
: a^ < 0.587
Similarly, the null and the alternative hypotheses for the second
and the third tests may respectively be written as:
Hg: Cl = 1.378
Hi: Cl < 1.378
and,
Hg: C2 = 1.110
Hi: C2 ■< 1.110
Please note that owing to the nonavailability of some of the
necessary information from Suits' study, it is not possible to carry
out a rigorous test of equality between any of the elasticities obtained
from the present study and the corresponding elasticity obtained by
Suits.
As a result, the test of each of the three hypotheses indicated
above has been treated as a case of comparing the elasticity obtained
in this study with a constant; that is, testing against a constant.
The results are meaningful within the context of my sample values.
-35-
Now the result of the test for the first hypothesis at the five
percent level of significance shows that Hq should be rejected and
hence we conclude that the price elasticity of crop supply for water¬
melons for the 1950-1980 period is significantly less than that for the
1919-1951 period (0.587).
Similarly, the result of the test for the second hypothesis at
the five percent level of significance shows that the null hypothesis
should be rejected and this leads us to the conclusion that the income
elasticity of demand for watermelons was significantly lower between
1950 and 1980 as compared to the figure for the earlier period.
On the other hand, the result of the test for the third hypothesis
shows that we cannot reject the null hypothesis and this means that
one cannot, on the basis of this test, say that per capita consumption
of watermelons declined significantly during the 1950-1980 period as
compared to the position in the earlier period (1919-1951).
CHAPTER V
DYNAMIC PROPERTIES OF THE MARKET
In this chapter, we will analyze some of the dynamic properties
of the watermelon market between 1950 and 1980, including an investi¬
gation of its stability, the path of adjustment toward equilibrium
and the speed with which the system tends to approach its equilibrium
position. Since, as indicated in the introductory chapter, one
suspects that even some of the "other estimates" (as distinct from
elasticity estimates) obtainable form the present study may also differ
significantly from those obtained by Suits for the 1919-1951 period,
an attempt will be made to compare the results of the dynamic analyses
obtained from the two studies. The method of difference equations will
be used in the investigation^ as Suits did.
Now to explore the dynamic properties of the market, we may sub¬
stitute the estimated results of equations (8) and (9a) into (10) to
obtain the first difference equation:
12a) P + 0.044 P.i = Ha
Ipor details of the use of difference equations in economic dynamic
analysis, see, among others: Alpha C. Chiang, Fundamental Methods of
Mathematical Economics, 3rd edition (New York: McGraw-Hill Book Company,
1984), chapters 16-18, and Edwared T. Dowling, Mathematics for Economists




where Hg is a linear combination of the values of the remaining
variables.
At the market equilibrium either equation (9a) or (9b) must hold.
Which one it is depends on the values taken by other variables. Since
we do not know in advance which one will hold, we will investigate both
possibilities.
If the equilibrium of the market occurs at a position in which
harvest supply is defined by (9a), then the market equilibrium price Pg
will also satisfy (12a) with P = P_i = Pg, so that:
13a) Pg + 0.044 Pg = Hg.
Still assuming equation (9a) to hold at the equilibrium, we can
subtract (13a) from (12a) to obtain a difference equation relating
successive deviations of actual price from equilibrium price:
14a) p + 0.044 p_]^ = 0,
where p = P - Pg. The solution of diffence equation (14a) is:
15a) p = Pg (-0.044)t,
where Pg is the deviation of market price from equilibrium at some
initial time t = 0.
The dynamic properties of the system may be deduced from (15a).
To assist us in making the deductions, we may need to remember that
given a general formula for a definite solution of a first-order linear
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difference equation of the form
yt'
where A is a multiplicative constant and b is the base, the time path
of b^ wi 11
be nonoscillating if b > 0,
oscillate if b < 0,
diverge if |b| > 1, and
converage if |b| < 1;
where the symbol |b| denotes the absolute value of b.
Now if we go back to equation (15a), we find that the number in the
parentheses (the base) is negative and this is an indication that the
time path of P|. will oscillate between positive and negative values.
Thus, a price above equilibrium, other things being equal, is followed
by one below and the oscillations of price--even if the maket supply
has the form (9a) at the equilibrium—follow a cobweb pattern around the
equilibrium. Secondly, since -0.044 is less than one in absolute
value, deviations from equilibrium approach zero in the limit, and
the equilibrium is in fact a stable one. To determine the speed with
which the system adjusts to its equilibrium position, it may be helpful
to note that the factor (-0.044)^ in equation (15a) indicates that the
function is "decaying" (and not growing) exponentially over time. The
function, therefore, belongs to the family of exponential decay models,
popular among which is the radioactive decay model. As a measure of the
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speed of approach to equilibrium, we may borrow the concept of "half-
life" from the physics of radioactive decay and then calculate how long
it takes a given deviation from equilibrium to reduce by half its
original absolute magnitude. Similarly, we will calculate the 90 percent
life, the 95 percent life and the 99 percent life of the decay process.
To calculate the half-life, we first note that if we let Pq
represent the deviation of market price from equilibrium at some initial
time t = 0, then the magnitude of the price deviation remaining after
one half-life of the process is ?q/2. Secondly, it may be worth noting
that halving time depends only on the decay rate and not on the amount
present initially.2
Now to obtain the half-life, we set the absolute value of
(-0.044)t equal to 1/2 or 0.5 and solve for t (which stands for
years).3
Formal ly,
(0.044)t = 1/2 = 0.5
Taking logs we have
t In 0.044 = In 0.5
^Howard Anton, Calculus with Analytic Geometary (New York: John
Wiley and Sons, 1980), p. 443.
^For a calculation of time using a method somewhat similar to
the one being used here see: James M. Henderson and Richard E. Quandt,
Microeconomic Theory: A Mathematical Approach, 3rd edition (New York:
McGraw-Hill Book Company, 1980), p. 173, excercises 6-12(a) and (b), and
the answers to the problems [6-12(a) and (b)] on p. 400.
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from which
t = In 0.5/1n 0.044 = -0.69314718/-3.1235656
.*. t = 0.221908955
= 0.22 (to 2 decimal places).
Thus, the half-life of the process takes just 0.22 year which is about
two and a hal f months.
To calculate the time it will take a given deviation from equili¬
brium with a reduction factor of (-0.044) to reduce in size by 90
percent, that is, to be only 10 percent away from equilibrium level,
we put
(0.044)t = 0.1.
Taki ng logs we obtain
t In 0.044 = In 0.1
yi el di ng
t = In 0.1/ln 0.044 = -2.3025851/-3.1235656
.*. t = 0.737165596
= 0.74 (to 2 decimal places)
Therefore, the 90 percent life of the process takes about 0.74 year
which is slightly less than nine months.
-41-
For the 95 percent life, we set (0.044)t equal to 0.05 and for the
99 percent life we put (0.044)"^ equal to 0.01 and solve for t in each
case. Calculations show that the 95 and 99 percent lives of the process
take about 0.96 and 1.47 years respectively. This means that it takes
about one and a half years for the system to adjust to its equilibrium
position.
The above results on the life of the process are clear indications
of a very heavily damped oscillation with rapid approach to equilibrium.
Let us now examine the case where the equilibrium solution requires
that the harvest supply equation take the form of (9b) so that at the
equilibrium everything produced is marketed. In this case, we repeat
the above process, replacing (9a) by (9b) throughout. This will yield
the final difference equation:
15b) p^ = Pq (-0.046)^.
Equation (15b) has almost identical properties with (15a), except that
adjustment toward equilibrium is a bit slower. The half-life, 90, 95
and 99 percent--!ives of (15b), are approximately 0.23, 0.75, 0.97 and
1.50 years respectively.
It is fairly clear from the above calculations on the adjustment
process that the harvest supply function increases the speed of adjust¬
ment in the market.
In comparison with the final results of the first order difference
equations reported in (15a) and (15b) above. Suits obtained respectively
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p = Po (-0.622)1^
and P|. = Pg (-0.652)^
which have similar time paths p^ with (15a) and (15b) but requiring much
longer time for adjustment toward equilibrium. For p = Pq (-0.622)^,
Suits estimated that "the half-life is less than two years and that
the 90 percent life is slightly less than five years." His estimate
for p^ = Pq (-0.652)^ in this regard is that "the 90 percent life is
slightly longer than five years."
CHAPTER VI
SUMMARY AND CONCLUSIONS
The need for this study arose mainly from a casual examination of
some of the time series data relevant to the watermelon market which
created an impression that conditions in the watenmelon market during
the broad period, 1950-1980, appeared to be so different from conditions
in the same market between 1919 arid 1951 that some of the elasticity
and other estimates obtainable from the data for the 1950-1980 period
might be significantly Tower than comparable estimates obtained by
Suits for the earlier period (1919-1951).
The study was, therefore, undertaken in an effort to provide fairly
up-to-date^ elasticity estimates of some of the key variables associated
with the watennelon market, test three hypotheses and to analyze some
of the dynamic properties of the market between 1950 and 1980. The
econometric model used for the study is an adaptation of Suits' inter¬
dependent model of the U. S. watermelon market.
All the estimated coefficents of the crop supply equation are highly
insignificant at the five percent level and this is an indication that
IAs explained in the section on "the data" used in measuring the
variables (see p. 25), 1980 was chosen as a cut-off date for the present
study because the U. S. Department of Agriculture discontinued estimating
and publishing national data on acreage, yield, production and value of
watermelons with effect from the 1981 crop year.
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none of the explanatory variables exerted any statistically significant
linear influence on the dependent variable (quantity of watermelons
available for commercial harvest) between 1950 and 1980. Put a bit
differently, the insignificant parameter estimates for the equation show
that the quantity of watermelons available for commercial harvest did
not respond effectively to changes in any of the explanatory variables
during the period. This was at least partly due to the sizable and
increasing reductions in the acreage allotted to the cultivation of
watermelons during the period, a course of action adopted by growers
of the crop possibly to avoid overproduction which might depress the
price of the crop.
As for the estimates of the harvest supply equation, the coefficient
of log Q has the expected positive sign and is highly significant at both
the five percent and the one percent levels. Estimated at 0.897, this
regression result shows that a ten percent increase in the quantity of
watermelons available for harvest leads to an increase of about nine
percent in the quantity of watermelons actually harvested and marketed.
Suits' estimate for the coefficient of log Q is 1.205. The coefficients
of the two other explanatory variables in the equation (current farm
price of watermelons and index of farm wage rates) have the wrong signs
and are insignificant at the five percent level.
With respect to the estimates of the demand equation, both the
income elasticity of demand and the price elasticity of demand, have
the expected signs and are significant at both the five percent and the
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one percent levels, while the coefficient of freight cost has the wrong
sign and is insignificant at the five percent level. The 0.376 obtained
for the income elasticity of demand indicates that demand for watermelons
will increase by about four percent in response to an increase of ten
percent in the disposable income of consumers, while the estimated
-0.858 for the price elasticity of demand shows that when the price of
watermelons rises by ten percent, the demand for the crop will fall by
about nine percent, implying a slightly inelastic demand situation.
Suits obtained 1.378 and -0.901 for the income and the price elasticities
respectively. The income elasticity of demand obtained from this study
(0.376) appears plausible, considering that it is very much in line with
income elasticities obtained from other fairly recent demand studies
for food items in general by Houthakker and others.
The result of the first of the three hypotheses tested leads us to
the conclusion that the price elasticity of crop supply for watermelons
for the 1950-1980 period is significantly less than that for the 1919-
1951 period (0.587). Similarly, the result for the test of the second
hypothesis shows that the income elasticity of demand for watermelons
was significantly lower between 1950 and 1980 as compared to the figure
(1.378) for the earlier period. On the other hand, the result of the
test for the third hypothesis shows that we cannot, on the basis of the
test, claim that per capita consumption of watermelons declined signi¬
ficantly during the 1950-1980 period as compared to the position in the
earlier period (1919-1951).
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The result of the analysis of the dynamic properties of the market
for the 1950-1980 period is somewhat similar to that obtained by Suits
for the earlier period in the sense that the market still had an oscil¬
lating and convergent time path p^, implying that, if other things
remain equal, price P in the limit tends to the equilibrium value Pg,
and that the price oscillations follow a cobweb pattern with alternating
positive and negative deviations from equilibrium. However, the time
path p^ for the 1950-1980 period was characterized by a much more
heavily damped oscillation than the time path for the earlier period.
In general, most of the elasticity and other estimates obtained
from this study are significantly lower than those obtained by Suits
for the earlier period.
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